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Water pressures observed 11 centimeters above the permafrost Tables   Table 1. Permafrost observations and locations of dataloggers installed near Twelvemile Lake, Yukon Flats, Alaska, during the fieldwork period of September [28] [29] [30] 2010 Table 2 .
Laboratory-measured, grain-size mass fractions of soil samples collected from Twelvemile Lake and Buddy Lake watersheds, Alaska, during the Table 3 .
Seasonal averages in observed ground temperature at the upper spruce site, the lower deciduous site, and barometer near Twelvemile Lake between October 01, 2010, and August 19, 2011 
Introduction
A series of ground-based measurements were made near Twelvemile Lake in the Yukon Flats of interior Alaska between September 2010 and August 2011 to provide data for use in ongoing hydrological analyses of watersheds in this region of discontinuous permafrost. Twelvemile Lake is an area of focused interest because of its approximate 4-meter (m) decline in surface elevation since the 1950s (M.T. Jorgenson, Alaska Ecoscience, oral commun., 2011). The study area includes the Twelvemile Lake watershed, located about 19 kilometers (km) southwest of Fort Yukon, and the "Buddy Lake" watershed, located about 2 km southeast of Twelvemile Lake ( fig. 1 ). The following measurements were made and are presented in this report: depth to ground ice, depth to water table, soil texture, soil moisture, soil temperature, and water pressure above the permafrost table. The latter two parameters were recorded continuously at two sites. 
Site Description
The sediment of the study area generally consists of silt and fine sand to a depth of up to about 4 m (observed in this study; M.T. Jorgenson, Alaska Ecoscience, oral commun., 2011) underlain by fluvial gravel, which appears to represent deposits of the Yukon River alluvial fan (Williams, 1962) . Vegetation in the Twelvemile Lake watershed follows a successional sequence (Chapin and others, 2006) of sedge and grass meadows in the low-lying areas most recently submerged under water, grading upward in elevation into deciduous forests of willow, balsam poplar, aspen, and birch near the early1980s lake margin, and grading finally into the oldest perennial forests of white spruce ( fig. 1B) . A surface mantle of terrestrial organic soil ranges in thickness from less than 10 centimeters (cm) in the white spruce, where it is predominantly fibric (moss), to thicker sequences (reaching 50 cm) of hemic and sapric organics in the low-lying channel features near and outside of the early-1980s margin of Twelvemile Lake. Williams (1962) and Nakanishi and Dorava (1994) Vegetation type of the sites visited is classified into one of the following categories: meadow, consisting of grasses and sedges with minor shrubs (including willow); shrubland, consisting of shrubs (primarily willow); deciduous forest, consisting primarily of balsam poplar, aspen, birch, and willow; and spruce forest, consisting primarily of white spruce and often with a groundcover of moss.
To assess the spatial pattern of depth-to-permafrost over areas not physically accessed, permafrost observations are superposed over a grid of electrical ground resistivity (upper 10 m, thickness-weighted average of six geophysical inversion layers) obtained from a geophysical inversion of data from an airborne electromagnetic survey (Minsley and others, 2012; Abraham, 2011; Ball and others, 2011) . Electrical resistivity of the ground generally increases with ice content because of the high resistivity of ice relative to other soil constituents, thus providing a proxy for depth to permafrost. All recorded depths are relative to the top of the soil profile (including organic material if any), unless noted otherwise. The methods and data collected during each of the three site visits are described below.
September 2010
Fieldwork was conducted during the period of September 28-30, 2010, to measure depth to permafrost by frost probing and to install two temperature monitoring stations in the suprapermafrost soil column and two water-level loggers near the permafrost table (site locations shown in figs. 2A and 3; table 1). Four frost-probe extensions were carried in the field to provide a maximum depth of observation of 4.8 m. The spacing between frost probe measurements was planned in the field based on depth to permafrost, as inferred from apparent resistivity maps (140 kilohertz) from an airborne electromagnetic survey (Abraham, 2011; Ball and others, 2011; Minsley and others, 2012) , and the expected number of points that could be collected in one day.
On September 29, 2010, temperature dataloggers and water-level loggers were installed at an upper spruce site ( fig. 2A 4A ). These were buried in an insulated weatherproof case at a depth of approximately 45 cm, as were the cables, for protection from animals and the cold winter air ( fig. 4B ). The Temperature Smart Sensors were field-placed (because depth to permafrost was not known beforehand) at an oblique angle through a 0.5-inch (in) polyvinyl chloride (PVC) pipe so that the temperature array would fit into a 2-in-diameter auger hole. The Smart Sensors were also secured to the PVC with Devcon Plastic Welder S-220/22045 adhesive. The water-level loggers used were Rugged Troll 200s (nonvented, 30-foot [ft] range) with direct-read cable attachments (the cable ends were buried with the Micro Station datalogger cases). The Rugged Troll 200s were placed in a 16-cm length of slotted, 2-in PVC pipe with caps sealed to each end using epoxy and silicon ( fig. 4C ). This length of PVC pipe functions as a well casing buried at depth and insulated by soil from wintertime air, designed this way to minimize potential freezing problems during the winter. A Level Troll 100 (nonvented, 30-ft range) water-level logger was fastened to the trunk of a birch tree ( fig. 2A , Plot ID 26; sensor height 1.7 m above ground surface) in order to measure air temperature and barometric pressure, the latter needed to convert the Rugged Troll 200 measurements to units of pressure relative to atmosphere. All waterlevel loggers also had a built-in temperature sensor. Temperature sensors at the upper spruce site were buried at depths of 0.7, 17.4, 34.3, 50.7, 67.5, and 83.7 cm, relative to top of mineral soil. Top of permafrost was observed at a depth of 84 cm during sensor installation, 0.3 cm below lowest temperature sensor. The water-level logger at the upper spruce site was buried at a depth of 73 cm in order to provide clearance above the permafrost table and thus minimize chances of the sensor freezing into the permafrost and becoming damaged. Temperature sensors at the lower deciduous site were buried at depths of 5.7, 38.3, 72.3, 105.0, 138.5, and 171.7 cm, relative to top of organic soil (note: data from depths 105.0, 138.5, and 171.7 cm could not be downloaded due to technical difficulties). Top of permafrost at the lower deciduous site was found at a depth of 162 cm during sensor installation. The water-level logger at this site was buried at a depth of 148 cm, 14 cm above the permafrost table.
June 2011
Measurements collected during the June 18-24, 2011 fieldwork included depths to ground ice and the water table, soil texture and moisture, water body elevations (using GPS [global positioning system] in conjunction with LIDAR [light detection and ranging] elevation), and soil temperatures at various locations within soil profiles using a hand probe (Fluke 52II Thermometer with Type T thermocouple and 6-in [15.2-cm] stainless steel probe). Site locations are plotted in figure 2B .
Measurements were generally made from soil pits and auger holes. Soil pits were dug using a spade shovel to a maximum depth of about 1 m; deeper inspection was carried out by boring downward through the bottom of the soil pit using a manual, 3-in (7.6-cm) bucket auger with five 1-m-long extensions until being rejected by ground ice or gravel or until exceeding available time (about 2 hours per pit). Representative soil samples were collected using a 2-by 4-in (5.1-by 10.2-cm) soil core sampler with plastic liners. The soil samples were returned to the laboratory for measurements of soil moisture using the gravimetric method and of grain-size distribution using sieves and shaker table.
August 2011
During fieldwork taking place August 19-27, 2011, the sites visited during June 2011 were reexamined to observe seasonal changes in ground ice, soil moisture, and water-table elevation. In addition, the data from the temperature monitoring stations and water-level loggers were downloaded. Ground temperatures were also measured at select locations using the hand probe to confirm interpretations about the presence or absence of frozen conditions. Soil observations were made using the 3-in (7.6-cm) auger without first digging a pit, as was done in June, so that more measurements of permafrost distribution and water-table elevation could be taken. The site locations are plotted in figure 5. 
Thermal and Hydrological Observations Soil Texture and Moisture
Based on sieving in the laboratory (table 2) and hand texturing in the field (data file "Soil_logs_June2011.xls"), the sediment overlying fluvial gravel consists primarily of fine sand and silt with minor clay (≤9 percent by volume at 16 out of 17 sites). Observed depths to gravel in the Twelvemile Lake watershed were found to be greatest in areas near the present lake margin and in the upland spruce forest (>2 m) and lowest in the inlet and outlet channels near the watershed boundary (0.1-0.3 m) (data files "Observations_June2011.xls" and "Observations_Aug2011.xls").
Measured soil moisture, as a volumetric fraction, ranges from 0.04 to 0.74 (data files "Soil_moisture_June2011.xls" and "Soil_moisture_Aug2011.xls"). The highest soil moistures were generally observed in organic soils of low-lying areas, while the lowest soil moistures tended to occur in silts and sands overlying permafrost in the upland spruce forest. Soil moisture observed during August 2011, averaged over the soil column at each site, correlates strongly (coefficient of determination (R 2 ) = 0.79) to observed depth to permafrost ( fig. 6) , with a regression exponent (-0.53) close to the theoretical value (-0.5) based on the approximation to the Stefan equation in Shur and others (2005) . 
Depth to Permafrost
Observed depths to permafrost during September 2010 and August 2011 ranged from about 0.4 to 2.7 m and averaged 1.2 m (table 1, fig. 7 , data file "Observations_Aug2011.xls"). Depths to permafrost were generally lowest in the upland spruce forest and in areas where the ground is highest in electrical resistivity ( fig. 7) . During August 2011, rejection of digging by ground ice was not encountered at two spruceforested sites in the eastern Twelvemile Lake watershed (figs. 5B and 7, Plot IDs 112 and 141), even though subzero ground temperatures were observed at the maximum depths of observation (data file "Miscell_GrndTemperature_Aug2011.xls"). The material at the bottom of the auger holes was a loose gravel, and at one of the two sites the ground temperature was found to increase with depth (Plot ID 112, data file "Miscell_GrndTemperature_Aug2011.xls"), which suggests that the frozen ground was either part of seasonal frost or a thin, dry layer of permafrost (thickness of approximately 2 m based on an extrapolation of the measured temperature gradient). This observation prompted interest in the possibility of lateral groundwater flow through this area of presumably high hydraulic conductivity. Attempts were made to search for indicators of lateral groundwater flow at these sites by boring down and measuring the water-table elevation relative to that of Twelvemile Lake, but they were unsuccessful because of difficulties in digging through gravel. Table   Water-table depths were measured during August 2011 at locations within the 1984 Twelvemile Lake boundary ( fig. 1B) , along the outlet channel of Twelvemile Lake ( fig. 1A) , along the inlet channel between Buddy and Twelvemile Lakes (fig. 1A) , and at the east side of Buddy Lake. These depths were subtracted from LIDAR surface elevations to determine water-table elevations. Along three transects within the 1984 lake boundary ( fig. 5B , Plot IDs 74-79, 103-109, and 127-132), the water-table elevation ranged from 126.4 to 126.6 m and averaged 126.4 m (excluding two outliers at Plot IDs 74 and 129) (data file "Observations_Aug2011.xls"). At the southwest side of Twelvemile Lake ( fig. 5A , Plot ID 86), the water-table elevation was found to be 126.7 m. In comparison, the lake elevation was approximately 126.4 (±0.2) m, as determined by spatial extrapolation of ground slope from the lake margin present during the time of LIDAR acquisition (July-September 2009). Considering uncertainty in the LIDAR (±0.1 m) and extrapolated lake elevation (±0.2 m), variations in water-table elevation within the 1984 lake boundary are considered too small to be detected using the methods of this study. However, spatial variation in water-table elevation was detected in the inlet and outlet channels of Twelvemile Lake. The observed water table was found to slope down towards Twelvemile Lake in both of these channels ( fig. 8 ) (data file "Observations_Aug2011.xls"). An abrupt change in water-table elevation was observed in the inlet channel near the boundary between the Twelvemile Lake and Buddy Lake watersheds ( fig. 8A ). This abrupt change in elevation of the water table suggests that groundwater flow from Buddy Lake to Twelvemile Lake along the inlet channel is being restricted. Possible reasons for the flow restriction include blocking by ground ice and discontinuity of the gravel aquifer. Water tables were observed both above and below frozen ground during August 2011. Water tables above frozen ground were observed in spruce forest at Plot ID 88 ( fig. 5B) , where it was perched approximately 7 m above Twelvemile Lake, and in spruce forest at Plot ID 95 ( fig. 5B) , where it was perched approximately 3 m above Buddy Lake (data file "Observations_Aug2011.xls"). A water table was also found below a 0.21-m-thick layer of frozen soil in the inlet channel of Twelvemile Lake ( fig.  5A , Plot ID 118; data file "Observations_Aug2011.xls").
Depth to Water

Soil and Air Temperature
Time series of daily mean ground and air temperatures observed at the upper spruce site ( fig. 2A , Plot ID 22) and lower deciduous site ( fig. 2A , Plot IDs 24−26) are shown in figure 9 (data files "GrndTmptr_lower_Sep2010-Aug2011.csv," "GrndTmptr_upper1of2_Sep2010-Aug2011.csv," "GrndTmptr_upper2of2_Sep2010-Aug2011.csv," and "Barometer_Sep2010-Aug2011.csv"). The values in figure 9 Average air temperatures at Twelvemile Lake and Fort Yukon for the period October 01 to August 19 are within 0.1°C of one another (table 3). Two differences are noted between ground temperatures observed at the upper spruce and lower deciduous sites: (a) ground surface temperatures at the upper site are about 2-3°C colder than at the lower site, possibly in relation to site differences in insulating moss cover and wintertime forest canopy; and (b) the active layer at the lower site is near 0°C ("zero curtain" period) for a longer duration than the upper site. The ground surface temperature at both sites was maintained at 0°C during the first 1-2 weeks of May 2011 ( fig. 9 ). This isothermal period is likely associated with the infiltration of snowmelt down into the underlying soil column.
Miscellaneous ground temperatures measured during August 2011 are provided in data file "Miscell_GrndTemperature_Aug2011.xls." These measurements support the interpreted absence of permafrost at the following locations within the 1984 Twelvemile Lake boundary: the transect formed by Plot IDs 74-79 on the northeast side of the lake ( fig. 5B ) and Plot ID 86 on the southwest side of the lake (fig. 5A ). The ground temperatures observed at Plot ID 112 ( fig. 5B ) appeared to increase with depth below about 2.4 m, where the ground was dry and gravelly, suggesting dry or absent permafrost.
Water Pressure Data
Water pressures relative to barometric (cm H 2 O [water]) recorded near the permafrost table, resampled into 100 evenly spaced time bins for plotting purposes (approximately 3.25 days each), are shown in figure 10 . The unprocessed data from the barometer and the water level loggers at the upper spruce site and lower deciduous site are contained in data files "Barometer_Sep2010-Aug2011.csv," "WtrLogger_upper_Sep2010-Aug2011.csv," and "WtrLogger_lower_Sep2010-Aug2011.csv," respectively. figure 2A . Water-level logger pressures (blue and red curves) are relative to barometer values (dashed curve), and barometer values are relative to an (arbitrary) zeroed state. Numerical offsets were applied to force the water-level logger values to match the barometer values during periods when the ground was known to be unsaturated. These periods were (A) the first 7 days of the logging interval, and (B) the last 7 days of the logging interval. (H2O, water)
The barometer was zeroed in Fairbanks, Alaska, on September 22, 2010. The barometric pressure values in figure 10 are relative to this zeroed state; absolute pressure values are approximately 1,010 cm H 2 O greater than the relative values. "Pressure, relative to barometer" in figure 10 was determined by subtracting the barometer value from the water-level logger value, then adding a constant, numerical offset computed such that the water-level logger and barometer values match one another during time periods when the ground was known to be unsaturated. These time intervals were chosen to be 7-day periods at the start ( fig. 10A) and end (fig. 10B ) of the logging periods, when the soil was observed to be unsaturated and surrounding temperatures were in the operational range (0-50°C).
Observations from auger holes at both water-level logger sites on August 20, 2011, revealed unsaturated conditions down to, and below, the depths of the water-level loggers. Therefore, the late August water pressures in figure 10 (red and blue curves) correspond to unsaturated ground conditions. During the preceding 3-month period (mid-May to mid-August), the recorded pressures underwent fluctuations on the order of 1 cm H 2 O ( fig. 10 ). These fluctuations are about equal to the accuracy of the water-level loggers (0.9 cm) and are an order of magnitude lower than fluctuations in barometric pressure ( fig. 10 , dashed-black curve). These small pressure fluctuations recorded by the water-level loggers during the 2011 thaw season are interpreted to indicate an absence of saturated conditions, within the limits of our detection. Field descriptions of soil from pits and auger holes near Twelvemile Lake and Buddy Lake during the fieldwork period of June 18-24, 2011. All depths (cm) are measured relative to top of organic soil (or mineral soil if no organic soil is present). Soil horizon designations: A, zone of eluviation; C, soil parent material; L, limnic deposits; Oi, fibric organic material; Oa, sapric organic material; Oe, hemic organic material; Oae, combination of Oa and Oe; Ob, buried organic layer; subscript letter f denotes presence of ice; subscript number denotes numbering downward from top of soil column when multiple horizons of the same type are present (for example, the sequence C 1 , C 2 , C 3 in downward direction).
Data File: Soil_moisture_Aug2011.xls
Laboratory measurements of water content and bulk density of soil samples collected near Twelvemile Lake and Buddy Lake during the fieldwork period of August 19-27, 2011. Percent water loss (by mass) was measured after baking samples at 90°C for 3 days. See description of data file "Soil_logs_June2011.xls" in this appendix for soil horizon abbreviations. Fraction of (volume of water lost from sample during baking) to (volume of soil sample after extraction from ground), assuming a water density of 1 gram per cubic centimeter (g cm -3 ) Sample dry weight Weight of soil sample after baking, in grams (g) Sample bulk density Bulk density of soil sample after baking, calculated as fraction of sample dry weight to sample volume after extraction from ground, in grams per cubic centimeter (g cm -3 )
Data File: Soil_moisture_June2011.xls
Laboratory measurements of water content and bulk density of soil samples collected near Twelvemile Lake and Buddy Lake during the fieldwork period of June 18-24, 2011. Percent water loss (by mass) was measured after baking samples at 90°C for 3 days. See description of data file "Soil_logs_June2011.xls" in this appendix for soil horizon abbreviations. 
